Biochemical and haematological data obtained over five consecutive years are presented on the male workforce of a large chemical company. The data have been subjected to statistical analysis and quantify the influence of age and the month of the year in which the samples were taken. The red cell count, white cell count, serum y-glutamyl transferase, alanine transaminase and creatinine show significant and consistent seasonal variations. The previously published work on the influence of age on several indices is confirmed. Biochemical screening may be a method of detecting early signs of toxicity in man but such factors as age, sex and season must be taken into account when comparing the results obtained from exposed and non-exposed groups.
This study has been performed on data derived from the analysis of blood samples taken from the male workforce of a large chemical company and is an extension of previously published work. 1 As part of an annual medical examination offered to each member of the workforce, blood samples were taken for haematological and biochemical analysis for five consecutive years, 1979-83. When undertaking the screening of our workforce the aims were to provide early evidence of target organ damage following exposure to substances known to be potentially toxic and to monitor workers being exposed to new substances for early evidence of any toxic effects.
Previous published work 2 -7 has shown the influence of age and sex on reference ranges. We have extended our studies and investigated the possible influence that the month of the year in which the analyses were performed might have upon the results obtained. It has been known for some time that there are seasonal variations in many hormone assays'': 9 but information on seasonal variations in haematological and biochemical parameters is scanty and inconsistent.
Method and quality control
As part of the annual medical examination a Correspondence: Dr David A Gidlow.
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blood sample was analysed for the following constituents: haemoglobin (Hb), red cell count (RBC), white cell count (WCC), y-glutamyl transferase (y-GT), alanine transaminase (ALT), aspartate transaminase (AST), urate, albumin and creatinine. Approximately 1500 people were examined in each of the five years and the populations for each of the five years were very similar as the rate of turnover of the workforce was very small during this period. The methods used for sampling and analysis were identical to those used in the previous study. I Quality control was monitored by the use of the Boehringer Quality Control Service and the Wellcome Group Quality Control Programme for the biochemical indices and by using the Coulter 4C standard for haematology. Table 1 shows the coefficients of variation obtained by our laboratory for each test. These figures are derived from daily samples submitted to the Boehringer Quality Control Service for the biochemical analyses and random use of the Coulter 4C standard.
Statistical analysis
The results of the haematological and biochemical analyses were fed into a Honeywell level 66 DPS 44 Computer. III Analysis of the whole group was carried out using the 'healthy For those data with log-normal distributions log conversion of the data was undertaken. 12. 13 Pierce's criterion was then used to exclude outlying results; all results lying more than 3 SD from the mean were excluded and the data were resubmitted. 12, 14 Reference ranges were then derived from mean±2 SD.
The data were then subjected to a 2-way analysis of variance and a chi-squared test to establish whether observed seasonal variations were significant. The chi-squared and Z tests in Table 2 show that the monthly variations observed for red cell count, white cell count, ACT, y-GT and creatinine were consistent over the five years of the study.
Results
Reference ranges for each month, derived from all the subjects and not separated into age groups, are shown in Table 3 . Apparent seasonal variations are observed for red and white cell counts, y-glutamyl transferase, alanine transaminase and creatinine. It is well known that age influences the results of several haematological and biochemical parameters and the workforce have been divided arbitrarily into three age groups-below 25 years of age, between 25 and 45 and over 45 years of age. Figure 1 shows the monthly variations for each of the three chosen age groups.
HAEMATOLOGY
The haemoglobin level showed no apparent consistent pattern over the years with a correspondingly low value in the chi-squared test. There was a highly significant seasonal variation in the red cell count with peak levels in Spring and Winter and a trough in Summer. The peak level was on average 4·6% higher than the trough level. There was also an apparently significant age difference with the highest levels occurring in the 2~5 year-old age group. The white cell count showed a consistent and highly significant seasonal variation with peak levels occurring in the Winter months and trough levels in the Summer. The peak Winter level was on average 13% above the trough Summer level and the level in the over 45-year-old age group was on average 7·5% above that for the under 25-year-old age group.
SERUM ENZYMES
Serum y-glutamyl transferase showed a consistent and very highly significant seasonal variation. Peak values were in the period March to
was on average 36% above that for the under 25 age group. Aspartate transaminase levels suggested a seasonal variation with peak levels in Spring and trough levels in Autumn and Winter but this did not reach statistical significance. Also, there was no evidence of any influence of age on the levels for this enzyme.
Alanine transaminase showed a highly significant seasonal variation with peak levels in the Spring and a trough in the Autumn. There was an average 13% difference between the peak and trough levels. There was also a marked age difference with the highest values occurring in the 25--45 age group. There was a 14% difference between levels in the under 25 age group and that in the 25--45 age group. Alkaline phosphatase levels showed a suggestion of a seasonal variation with a peak level in the Spring and a trough in the Autumn but this did not reach statistical significance in the chi-squared test. There was an obvious age variation with the highest values occurring in the under 25 age group and the lowest in the 25-45 age group.
OTHER BIOCHEMICAL PARAMETERS
Total protein levels show no consistent seasonal variation which is confirmed by the low value in the chi-squared test. Serum albumin suggested a seasonal pattern with peaks in Spring and Autumn and a trough in Summer but this did not reach statistical significance. There also appeared to be a slight age difference with values decreasing with increasing age. However, this difference also did not reach statistical significance.
Although Table 3 appears to show a seasonal variation with peaks in Spring and Winter for serum urate, this did not reach statistical significance. Also there did not appear to be any significant influence of age on the levels.
Serum creatinine levels showed a highly significant seasonal variation with peak levels in Spring and Autumn and a marked trough in the Summer. This pattern was consistent for all age groups. There was also a highly significant age difference with the highest levels in the over 45 age group. The seasonal difference was most marked in the over 45 age group but overall the peak level was 6·6% above the trough level. The level in the over 45 age group was on average 8·4% above that for the under 25 age group.
Discussion
Over the years there have been many papers written on factors which might influence the results of various laboratory tests. It is very important that one is aware of these factors in interpreting data and it is now probably not sufficient to produce a 'global' reference range for each test. 15 The two factors which have been most widely studied are those of age and sex and much work has confirmed the effects of these factors.
We have previously published work showing reference ranges according to age and sex which confirm and quantify these influences. 1 The present work on men confirms the influence of age but also introduces and attempts to quantify seasonal variations which we have observed. The work is derived from data collected over five consecutive years and statistical analysis has shown the patterns observed to be consistent over these years. Seasonal variations in hormone assays have previously been reported.": 9 Other authors have also described varying seasonal variations but the results are confusing and inconsistent. 1t>-23 Rocker et al. 16 described seasonal variations showing white cell counts to be higher in Summer which is the opposite finding to ours, and also reduced ALT levels in Summer-this time in agreement with our findings. Goldstein, Becker and Moore!" and Letellier and Desjarlais:" showed seasonal variations in urate but this was not confirmed by Banerjee and Saha'" or in our study. Whereas some of the variations observed are not large and would not require standard reference ranges to be adapted where they are used to monitor sick people, they may be of considerable significance in an epidemiological situation where one is attempting to compare groups. For example, if one was investigating a group of workers for possible renal damage associated with exposure to a certain substance in the workplace, one should be satisfied that samples provided by the workers and by the control group were similarly distributed throughout the year or all provided over the same period.
Unless a substance has obviously extremely toxic effects on an organ even at low levels of exposure, for example carbon tetrachloride producing liver and kidney damage, it is likely that any differences seen between exposed and non-exposed groups would only be small. It would therefore be extremely important that notice was taken of compounding variables such as age, sex and month of sampling, otherwise false-positive or negative assumptions on the toxicity of a substance might be made due to disparity in the populations studied.
It is interesting to observe these seasonal variations and for some of them a logical explanation is possible. For example, white cell count patterns probably reflect the varying incidence of infections throughout the seasons. Likewise, for yGT and ALT the variations may be explained by seasonal variations in alcohol consumption. However, explanations are difficult for the variations observed in the other parameters. The presence of a biological clock governing the well-known daily cycle has been investigated for many years but it is also possible that there is another 'clock' which is governed by some seasonal factor, eg hours of daylight, temperature etc. 24 Other factors such as dietary variations, varying light intensity and climatic conditions and varying . levels of physical exercise may be contributingto the observed variations.P: 26 Obviously considerably more work is required to elucidate this problem. It has also been suggested that seasonal variations observed in certain biochemical variations may account for the well-known seasonal variations in certain affective disorders.V' 23 It may also be important to be aware of these seasonal variations when assessing the results of toxicity testing in animals. In this instance animals are sampled before exposure to the test substance and then after varying intervals after exposure. Any change in the biochemical profile is assumed to have arisen as a result of exposure to the test substance. However, before this assumption is made, perhaps we should consider whether the differences seen may be due to the fact that the animals are older, sampling was done at a different time of day or at a different time of the year. Obviously this will only apply where the pre-and post-exposure results only show small differences and not where the substance is obviously grossly toxic. However, as the right to market these substances, be they chemicals, pharmaceuticals, etc., depends on the results of these toxicity tests, one should be aware of these variables before either condemning a safe substance or passing a substance which does in fact have toxic effects.
It is obvious that these observed variations do not have a proposed effect on the reference ranges and are not always of clinical significance. However, as an illustration the reference range for creatinine in November for the under 25 age group is 72-119 urnol/L whereas in April in the over 45 age group it is 81-149 umol/L, Perhaps there is sufficient evidence to produce more informative reference ranges. However, these variations are significant enough to be potentially of great importance when looking at large population groups, where even small differences may be significant when observed in large numbers of people. Awareness of these variables may prevent one from making erroneous assumptions from their data.
